We have demonstrated previously that phytohemagglutinin (PHA)-induced blasts and lymphoblastoid cell lines (LCL) infected with typhus group rickettsiae (TGR) are susceptible to lysis by a human cytotoxic effector which is T3 and T8 positive (3) , and both autologous and human leukocyte antigen (HLA)-mismatched infected targets are susceptible to such lysis. Since this cytotoxic effector was also generated by stimulation of peripheral blood mononuclear cells (PBMC) with interleukin-2 (IL-2) in the absence of specific antigen, its properties resemble those of lymphokine-activated killer cells (LAK) (9) . More recently, we have cloned classical HLA-restricted human cytotoxic T cells (CTL) which specifically recognize TGR-infected cells but not Rickettsia tsutsugamushi-infected cells (4) . The present studies were designed to determine whether the ability of TGR to render a cell susceptible to LAK lysis is shared with the antigenically distinct rickettsial species R. tsutsugamushi and whether infection with either of these agents is associated with specific alterations in the host cell surface membrane which might serve as a recognition structure for either antigen-specific CTL or LAK.
We compared the ability of LAK to lyse targets infected either with TGR or with an antigenically distinct rickettsial species, R. tsutsugamushi. PBMC were obtained from two individuals who had both clinical and serologic (11) evidence of previous infection with R. typhi and from two nonimmune individuals. PBMC were obtained by Ficoll-Hypaque centrifugation of diluted venous blood as described previously (2) . PBMC from immune donors were stimulated as described previously (3) with whole-cell French pressure cell extracts derived from R. typhi and R. prowazekii (6) , and PBMC from nonimmune donors were stimulated with recombinant human IL-2 (rIL-2), which was generously donated by Cetus Corporation (Emeryville, Calif.).
LCL generated from each of the donors by infecting B cells with Epstein-Barr virus (14) served as targets. They were infected with either R. typhi (Wilmington strain), R. prowazekii (Breinl strain), or R. tsutsugamushi (Gilliam strain) at a multiplicity of infection (MOI) of 4 (5, 17, 20) . In order to confirm that targets were appropriately infected, cells infected with R. prowazekii or R. typhi were examined by the Gimenez procedure (20) and cells infected with R. tsutsugamushi were stained with Giemsa (5). 51Cr-labeled targets and effectors were then incubated at different effec-* Corresponding author.
tor-target ratios for 4 to 6 h, and cytotoxicity was determined as described previously (3) . The standard error of the mean is given in all cases. The ratio of spontaneous release to maximum release was always less than 0.30.
A significantly higher percentage of LCL targets infected with TGR were susceptible to LAK-mediated lysis than were the R. tsutsugamushi-infected target (P c 0.01) and the uninfected target (P c 0.02) ( Tables 1 and 2 ). Since both LAK and human CTL clones (3, 4) are capable of lysing cells infected with TGR, and since both CTL (8) and LAK (10) described in other systems recognize target cell surface structures, we tried to identify specific cell surface modifications which might serve as recognition structures of antigen-specific CTL or LAK. Supporting the idea that intracellular bacteria can elicit host cell surface alterations are recent reports that mouse L cells infected with R. typhi appear to preferentially bind TGR-specific antibodies (13) and that cells infected with Chlamydia trachomatis express lipopolysaccharide (LPS) antigen on the cell surface (18) .
We therefore examined infected and uninfected target cells for the presence of rickettsia-specific cell surface antigens or cell-specific modifications by examining the binding of various antibodies to infected and uninfected targets by means of electronic cell sorting with the FACS II fluorescence-activated cell sorter (1) . Antibodies used in these studies included polyclonal rabbit sera prepared against whole-cell antigen preparations of R. prowazekii (Breinl strain) and R. tsutsugamushi (Gilliam strain) (5, 20) , F(ab')2 fragments of high-titered immunoglobulin G antibody directed against R. prowazekii (Breinl strain; prepared by Jackson Immunoresearch Inc., Avondale, Pa.), and mouse monoclonal antibodies directed against multiple epitopes of the 120-kilodalton (kDa) surface protein antigen, the 60-kDa protein, and LPS derived from TGR (G. A. Dasch because R. prowazekii does not exit the cell until very late in for 3 consecutive weeks with 107 LCL infected with R. the infection, whereas R. typhi spreads rapidly from one cell prowazekii at an MOI of approximately 4. At the end of the to another early in the infection cycle (19) .
third week, immune serum was obtained, and we studied the In multiple experiments, uninfected LCL targets and LCL ability of this immune serum to bind to the uninfected and targets infected with either R. prowazekii or R. tsutsugainfected LCL lines used in the immunizations. After antimushi were incubated with the antibodies described previbodies from the immune serum which cross-reacted with ously; however, we were unable to detect specific binding of uninfected targets were adsorbed, we were unable to detect these antibodies by electronic cell sorting with the FACS II binding of either the immune serum or the nonimmune serum to any of the targets or to uninfected control targets, despite (obtained from the same rabbit prior to immunization) to extensive binding of positive control antibodies to infected either uninfected LCL or LCL infected with R. prowazekii. and uninfected targets (data not shown). We believe that the Thus, we were unable to detect any cell surface alterations antibodies used in these experiments have broad reactivity induced by infection with R. prowazekii.
against all known major immunogenic protein and LPS The absence of detectable antigen on the surface of determinants found on R. prowazekii and R. tsutsugamushi infected targets susceptible to lysis by a cytotoxic effector (Gilliam strain).
does not appear to be a property limited to the rickettsiae. As an alternative method, we attempted to identify rickSimilar problems in detection of antigens of Theileria parva ettsia-specific cell surface antigens by performing polyacryl-(7) or influenza virus (15) on the cell surface of .argets amide gel electrophoresis (12) of 1251I-labeled uninfected, R. susceptible to lysis by CTL have been recently described (7) . prowazekii (Breinl strain)-infected, or R. tsutsugamushi (GilYet, according to classical dogma, our recent demonstration liam strain)-infected target cell surface proteins radiolabeled of HLA-restricted TGR-specific human CTL would require and immunoprecipitated as described previously (16) . We the presence of a surface-localized specific rickettsial antiwere unable to precipitate any cell surface proteins which gen which is associated with a host cell class II HLA antigen reacted specifically with antibody directed against R. prowa-(4). Our failure to detect any of the major antigens of TGR on zekii or against R. tsutsugamushi, although there was sucthe surface of infected cells may be due to (i) the processing cessful precipitation of the HLA-DR antigen complex (Fig. of one of the major immunogenic antigens by the target cell 1). so that it is no longer recognized by any of our specific We also investigated the possibility that TGR induces the antibodies or (ii) the target cell expression of a "minor" host cell to present some type of altered self-structure rickettsial antigen not recognized by the antibodies used. In recognized by the LAK effector. A 3-month-old New Zeathe case of the LAK effectors, it is possible that recognition land White rabbit was immunized intravenously once weekly of an infected target occurs via a non-rickettsia-specific cell 4 (lanes F to I), or left uninfected (lanes A to E). After 3 days, the infected and uninfected populations were harvested, and surface proteins were labeled with 125I. After solubilization of the surface membrane proteins with Nonidet P-40, iodinated proteins were incubated with polyclonal rabbit serum with high titers of antibodies directed against R. prowazekii (lanes A, F, and J) or R. tsutsugamushi (lanes C, H, and L). As a negative control, iodinated proteins were incubated with polyclonal rabbit serum obtained prior to immunization of the rabbits with R. prowazekii (lanes B, G, and K) or R. tsutsugamushi (lanes D, I, and M). As a positive control, iodinated surface proteins were incubated with monoclonal antibody directed against HLA-DR (lane E). Antigen-antibody mixtures were then incubated with protein A-Sepharose CL-4B and solubilized with sample buffer containing sodium dodecyl sulfate. The samples were then analyzed by electrophoresis on a 12% polyacrylamide gel, and an autoradiogram of the dried gel was prepared with intensifying screens. Films were exposed for 10 days at -70°C.
Molecular mass (in kilodaltons) is shown to the left. surface alteration not detectable by the rabbit antibodies generated against infected cells.
The surface alteration(s) induced by infection of targets with TGR which is recognized by cytotoxic effectors (CTL or LAK) will clearly have to be identified by methods other than those described in the present study. Accordingly, workers in our laboratory are now in the process of cloning the major antigens of TGR and attempting to express these genes in eucaryotic cells by means of appropriate vectors. 
